The guanylate cyclase activity [GTP pyrophosphate-lyase (cyclizing), EC 4.6.1.2] in membrane preparations from 3T3 mouse fibroblasts is stimulated approximately 5-fold by lysolecithin at concentrations of 100 Mg/mi and above. The stimulation of the adenylate cyclase activity in these preparations by sodium fluoride is inhibited up to 95% by lysolecithin over a similar concentration range. The regulatory properties of Iysolecithin appear to result from the surfactant properties of the phospholipid, since (i) the activity cannot be attributed to any single substructure within the molecule, and (ii) lysolecithin affects the subcellular distribution of guanylate cyclase in rat heart homogenates in a manner similar to that reported for the non-ionic detergent Triton X-100. Stimulation of guanylate cyclase by lysolecithin was observed with membrane preparations from both 3T3 cells and simian virus 40 transformed 3T3 cells (SV3T3). These results suggest a possible role for lysolecithin in the coordinate regulation of the intracellular levels of both cyclic nucleotides, and in the control of the responsiveness of target tissues to hormone or mitogen stimulation.
ABSTRACT
The guanylate cyclase activity [GTP pyrophosphate-lyase (cyclizing), EC 4.6.1.2] in membrane preparations from 3T3 mouse fibroblasts is stimulated approximately 5- fold by lysolecithin at concentrations of 100 Mg/mi and above. The stimulation of the adenylate cyclase activity in these preparations by sodium fluoride is inhibited up to 95% by lysolecithin over a similar concentration range. The regulatory properties of Iysolecithin appear to result from the surfactant properties of the phospholipid, since (i) the activity cannot be attributed to any single substructure within the molecule, and (ii) lysolecithin affects the subcellular distribution of guanylate cyclase in rat heart homogenates in a manner similar to that reported for the non-ionic detergent Triton X-100. Stimulation of guanylate cyclase by lysolecithin was observed with membrane preparations from both 3T3 cells and simian virus 40 transformed 3T3 cells (SV3T3). These results suggest a possible role for lysolecithin in the coordinate regulation of the intracellular levels of both cyclic nucleotides, and in the control of the responsiveness of target tissues to hormone or mitogen stimulation.
Studies on cultured mouse cells (3T3) have contributed a body of evidence indicating a role for cyclic nucleotides in the regulation of the proliferation of nontransformed cells (1, 2) . Stimulation of 3T3 cell growth by insulin induces an approximately 75% drop in intracellular cyclic AMP concentration (3) at 5 min after treatment. In contrast, insulin induces a concentration-dependent increase in the intracellular concentration of cyclic GMP ranging from 10-to 40-fold (1, 2) . These results and the results of several additional studies of the effects of various drugs and hormones on the levels of cyclic nucleotides in their target tissues have been interpreted by Goldberg and his associates (1, 4) (18, 19) , which was then measured by a radioimmune assay (20) . For Lysolecithin preparations from three different natural sources (egg yolk, bovine liver, and soybean) stimulated guanylate cyclase activity to a similar degree (see Table 1 Table 2 ). The stimulatory effect was similar in preparations from normal and transformed cells. The effect of lysolecithin on nucleotide cyclase activities was also examined in rat heart subcellular fractions prepared by the method of White (26) (see Table 3 ). As observed by White (5) in his studies using the nonionic detergent Triton X-100, the majority of the guanylate cyclase activity is in the supernatant fraction in the absence of added surfactant, and addition of the surfactant stimulates activity in all fractions with the greatest stimulation being observed in the microsomal fraction. In agreement with White (26) , adenylate cyclase is observed with the highest specific activity in the microsomal fraction and the activity in every fraction can be stimulated with sodium fluoride, with the largest degree of stimulation being observed in the microsomal fraction. Lysolecithin inhibits adenylate cyclase in every fraction. (27) , but they have also been found in the rapid turnover of the enzyme after stimulation by lysolecithin, mitochondrial outer membranes and in plasma membranes. or by a membrane dissociation-reassociation cycle for the ac-
The levels of acyltransferase activity in membranes may also tivation and inactivation of the enzyme. Restoration of the be regulated, since the acylation of lysophosphoglycerides by original levels of either nucleotide cyclase activity could result rabbit granulocytes and alveolar macrophages was increased from reversible modification of enzyme activity by lysolecithin.
3-fold in the presence of ingestible particles (29) , and the The amount of lysolecithin in cell membranes is determined acyltransferase activity of rabbit lymphocytes was stimulated by the action of the two opposing enzyme activities of the 2-to 3-fold in the plasma membrane fraction after stimulation phosphoglyceride deacylation-reacylation cycle (27) . The acwith phytohemagglutinin (30) .
tivities of both the degradative (phospholipase A2) and synthetic
The normal level of lysolecithin in tissue has been calculated (acylCoA:lysophosphoglyceride acyltransferase) enzymes (13) to be approximately 1.5 mg/ml, using values obtained for participating in this cycle have been reported to respond to rat liver by Ray et al. (9) and considering the lysolecithin to be external stimuli under certain conditions. Phospholipase A2, uniformly distributed throughout the tissue. Since approxiwhich degrades lecithin [19.3% of rat liver plasma membranes mately 80% of the maximal effect of lysolecithin on nucleotide (9) ] to lysolecithin, has been detected in virtually every orcyclases in vitro is achieved with 0.1 mg/ml of additional lyganism, tissue, and subcellular fraction that has been investisolecithin, it is conceivable that an alteration of this magnitude gated (27) . Gullis and Rowe (28) have reported that net phoscould be achieved in vivo by modifying the activity of either pholipase A2 activity of synaptic membranes of the cortex of of the enzymes in the phosphoglycenide deacylation-reacylation guinea pig brain is stimulated by Ca2 , noradrenaline, acetylcycle. Perturbation of the cycle could be achieved by direct choline, carbamoylcholine, and serotonin, but not glucagon. stimulation of hormone-sensitive plasma-membrane-associated Biochemistry: Shier et A phospholipase A2 enzymes, as has been described in guinea pig cerebral cortex synaptosomes by Gullis and Rowe (28) , or by processes that increase the intracellular concentration of calcium ions, since the phospholipase A2 enzyme activity associated with the endoplasmic reticulum is stimulated by calcium ions in all tissues that have been examined (27) . Lysolecithin generated at one part of the cell could function as a membrane transducer by diffusing rapidly through the lipid portions of the cellular membranes to modify the activity of membraneassociated-enzymes in other parts of the cell, as well as possibly altering general properties of the membrane such as fluidity and permeability. This model is presently being evaluated. The observation ( Table 1) that the nucleotide cyclase activities are modified by all lysolecithin preparations tested but not by other phospholipids indicates that the stimulatory activity observed with lysolecithin is not due to the esterified fatty acid or the choline moieties in the molecule (they are present in lecithin), nor to the L-a-lysophosphatidyl moiety (it is present in lysophosphatidylethanolamine and lysodimethylphosphatidylethanolamine). These results are consistent with the suggestion that lysolecithins significantly modify the activities of nucleotide cyclaset because they have the appropriate hydrophile-lipophile balance (8) . Limbrid and Lefkowitz (31) reported that the soluble but not the particulate myocardial guanylate cyclase from guinea pig is stimulated 1.4-to 4.3-fold by phosphatidylserine. The possible involvement of lysolecithin in the control of the biosynthesis of some species of phosphoglycerides (27) and in coordinate regulation of glycosyltransferases (10) has been considered previously. However, the observed effects of lysolecithin on nucleotide cyclases suggest a mechanism whereby lysolecithin could play a much broader role in regulation. For example, lysolecithin may participate in (a) the regulation of normal cell proliferation, (b) the regulation of the responsiveness of target tissues to hormones, and (c) in the etiology of hypertension (32) and other disease states that have been reported to involve abnormal cyclic nucleotide ratios (33) .
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